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ABSTRACT 
 
Wind erodibility of soils (WE) is a prime factor for the 
prediction, assessment and mapping of wind erosion. Since the data 
from arid regions have been severely limited, the data of this study 
may be helpful for quick mapping of wind erosion in Sudan. The 
study conducted to generate WE data and pertinent relationships 
for White Nile State. Surface soil samples (0-3 cm) were collected 
from fifty fields distributed in the north, northwest and west of the 
state. Non-erodible soil particles NEPs (particles  > 0.84 mm in 
diameter), relevant physical and chemical soil properties and WE 
were determined. Regression analysis showed that NEP 
significantly increased with increase in clay (P<0.001,R2=0.3541), 
clay/(silt+sand)(P<0.001,R2=0.3236), silt (P<0.01,R2=0.1802), 
calcium carbonate (P<0.05,R2=0.107) and decreases with increase 
in (silt+sand)/clay (P0.001, R2=0.4186), and sand 
(P<0.001,R2=0.3646) whereas the organic matter had no 
significant. The four primary soil properties namely, clay, silt, sand 
and calcium carbonate as good as clay ratio as indicator of NEP but 
not WE.  
Multiple regression equations were derived for the prediction 
of NEP (R
2
=0.4708) and WE (R
2
= 0.3985). It is recommended to 
predict NEP from knowledge of the four variables and then read 
the WE from standard table. The determined NEP of the textural 
wind erodibility groups gave highly significant correlations with 
those of N. Dakota and Alberta, but with lower accountability.  
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  ﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢ
  ﻣﻠﺨﺺ اﻻﻃﺮوﺣﺔ
ﺘﻌﺘﺒﺭ ﻗﺎﺒﻠﻴﺔ ﺍﻟﺘﺭﺒﺔ ﻟﻠﺘﻌﺭﻴﺔ ﺒﺎﻟﺭﻴﺎﺡ ﻋﺎﻤﻼﹰ ﺍﺴﺎﺴﻴﺎﹰ ﻟﻠﺘﻨﺒﻭﺀ ﻭﺍﻟﺤﺼﺭ ﻭﺘﺨﺭﻴﻁ 
ﻨﺴﺒﺔ ﻟﻤﺤﺩﻭﺩﻴﺔ ﺍﻟﺒﻴﺎﻨﺎﺕ ﻋﻥ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﺠﺎﻓﺔ ﻓﺎﻥ ﺒﻴﺎﻨﺎﺕ ﻫﺫﻩ . ﺎﻟﺭﻴﺎﺡﺍﻟﺘﻌﺭﻴﺔ ﺒ
  ﺍﻟﺩﺭﺍﺴﺔ ﺭﺒﻤﺎ ﺘﺴﺎﻋﺩ ﻓﻲ ﺘﺨﺭﻴﻁ ﺴﺭﻴﻊ ﻟﻠﺘﻌﺭﻴﺔ ﺒﺎﻟﺭﻴﺎﺡ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ 
ﺍﺠﺭﻴﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻻﺴﺘﻨﺒﺎﻁ ﺒﻴﺎﻨﺎﺕ ﻋـﻥ ﻗﺎﺒﻠﻴـﺔ ﺍﻟﺘﺭﺒـﺔ ﻟﻠﺘﻌﺭﻴـﺔ ﺒﺎﻟﺭﻴـﺎﺡ 
  . ﻭﺍﻟﻌﻼﻗﺎﺕ ﺫﺍﺕ ﺍﻟﺼﻠﺔ ﻟﺘﺭﺏ ﻭﻻﻴﺔ ﺍﻟﻨﻴل ﺍﻻﺒﻴﺽ
ﻤﻥ ﺨﻤﺴﻴﻥ ﺤﻘﻼﹰ ﻤﻭﺯﻋﺔ ﺒﻜل ﻤـﻥ ( ﺴﻡ0-3)ﺠﻤﻌﺕ ﻋﻴﻨﺎﺕ ﺘﺭﺏ ﺴﻁﺤﻴﺔ 
ﺘﻡ ﺘﻘﺩﻴﺭ ﻨﺴﺏ ﺍﻟﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴـﺔ . ﺸﻤﺎل ﻭﺸﻤﺎل ﻏﺭﺏ ﻭﻏﺭﺏ ﺍﻟﻭﻻﻴﺔ 
ﻭﻤﻥ ﺜﻡ ﻗﺎﺒﻠﻴﺔ ﺍﻟﺘﺭﺒﺔ ﻟﻠﺘﻌﺭﻴﺔ ﺒﺎﻟﺭﻴـﺎﺡ ﻭﺒﻌـﺽ ﺨـﻭﺍﺹ (  ﻤﻠﻡ 48.0< ﺍﻗﻁﺎﺭﻫﺎ )
ﺩﻟﺕ ﺘﺤﺎﻟﻴل ﺍﻻﻨﺤﺩﺍﺭ ﻋﻠﻲ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ ﻋﻨﺩ ﻤﺴﺘﻭﻱ . ﺍﻟﺘﺭﺏ ﺍﻟﻔﻴﺯﻴﺎﺌﻴﺔ ﻭﺍﻟﻜﻴﻤﻴﺎﺌﻴﺔ 
ﻓﻲ ﻨﺴﺏ ﺍﻟﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴﺔ ﻤﻊ ﺯﻴﺎﺩﺓ ﻜل ﻤﻥ ﻨﺴﺒﺔ ﺍﻟﻁﻴﻥ % 1.0 ﻤﻥ ﺍﻗل
، ﻭﻨـﺴﺒﺔ (6323.0 2ﺭ)، ﻨﺴﺒﺔ ﺍﻟﻁﻴﻥ ﺍﻟﻲ ﺍﻟﺴﻠﺕ ﺯﺍﺌﺩ ﺍﻟﺭﻤل ، ( 1453.0 = 2ﺭ)
 2ﺭ% )5ﻭﻨﺴﺒﺔ ﻜﺭﺒﻭﻨﺎﺕ ﺍﻟﻜﺎﻟﺴﻴﻭﻡ ﻋﻨﺩ ﻤﺴﺘﻭﻱ ﺍﻗل ﻤﻥ ( 2081.0 = 2ﺭ)ﺍﻟﺴﻠﺕ 
ﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴﺔ ﻋﻨﺩ ﻜﻤﺎ ﺍﻋﻁﺕ ﺍﻨﺨﻔﺎﻀﺎﹰ ﻤﻌﻨﻭﻴﺎﹰ ﻓﻲ ﻨﺴﺏ ﺍﻟﺤﺒﻴﺒ (. 701.0=
 = 2ﺭ)ﺒﺯﻴﺎﺩﺓ ﻜل ﻤﻥ ﻨﺴﺒﺔ ﺍﻟﺴﻠﺕ ﺯﺍﺌﺩﺍ ﺍﻟﺭﻤل ﺍﻟﻲ ﺍﻟﻁـﻴﻥ % 1.0ﻤﺴﺘﻭﻱ ﺍﻗل ﻤﻥ 
ﺒﻴﻨﻤﺎ ﺍﻋﻁﺕ ﺍﻟﻤﺎﺩﺓ ﺍﻟﻌﻀﻭﻴﺔ ﻋﻼﻗﺔ ﻏﻴﺭ ( 6463.0 = 2ﺭ)ﻭﻨﺴﺒﺔ ﺍﻟﺭﻤل ( 6814.0
  . ﻤﻌﻨﻭﻴﺔ
ﻜﺭﺒﻭﻨـﺎﺕ ، ﺍﻟﺭﻤـل ، ﺍﻟـﺴﻠﺕ ، ﺍﻟﻁﻴﻥ : ﺨﻭﺍﺹ ﺍﻟﺘﺭﺒﺔ ﺍﻻﻭﻟﻴﺔ ﺍﻻﺭﺒﻌﺔ 
ﻊ ﻨﺴﺒﺔ ﺍﻟﻁﻴﻥ ﻓﻲ ﺍﻋﻁﺎﺀ ﻤﺅﺸﺭ ﺠﻴﺩ ﻟﻨﺴﺒﺔ ﺍﻟﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ ﺍﻟﻜﺎﻟﺴﻴﻭﻡ ﺘﺸﺎﺒﻬﺕ ﻤ 
  .ﻟﻠﺘﻌﺭﻴﺔ ﺒﻴﻨﻤﺎ ﻟﻡ ﺘﻜﻥ ﻜﺫﻟﻙ ﻤﻊ ﺘﻌﺭﻴﺔ ﺍﻟﺭﻴﺎﺡ 
ﺘﻡ ﺍﺴﺘﻨﺒﺎﻁ ﻤﻌﺎﺩﻟﺔ ﺍﻻﻨﺤﺩﺍﺭ ﻋﺩﻴﺩﺓ ﺍﻟﻤﺘﻐﻴﺭﺍﺕ ﺍﻟﻤﺴﺘﻘﻠﺔ ﻟﻠﺘﻨﺒﻭﺀ ﺒﺎﻟﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ 
(. 5893.0 = 2ﺭ)ﻭﺍﺨﺭﻱ ﻟﺘﻘﺩﻴﺭ ﺘﻌﺭﻴﺔ ﺍﻟﺭﻴـﺎﺡ ( 9074.0 = 2ﺭ)ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴﺔ 
ﺍﺴﺔ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﻌﺎﺩﻟﺔ ﺍﻻﻭﻟﻲ ﻟﻠﺘﻨﺒﻭﺀ ﺒﺎﻟﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴﺔ ﺜﻡ ﺍﻭﺼﺕ ﺍﻟﺩﺭ 
ﺍﻟﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴﺔ ﺍﻟﺘﻲ ﻗﺩﺭﺕ . ﺍﺴﺘﺨﺭﺍﺝ ﻗﻴﻡ ﺍﻟﺘﻌﺭﻴﺔ ﻤﻥ ﺍﻟﺠﺩﻭل ﺍﻟﻘﻴﺎﺴﻲ 
ﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺘﻌﺭﻴﺔ ﻤﻁﺎﺒﻘﺔ ﻟﺘﻠﻙ ﺍﻟﺘﻲ ﺘﻡ ﺘﻘﺩﻴﺭﻫﺎ ﻓﻲ ﺸﻤﺎل ﺩﺍﻜﻭﺘﺎ ﻭﺍﻟﺒﺭﺘـﺎ ﻭﻟﻜـﻥ 
  .ﺒﻤﻌﺎﻤل ﺘﻘﺩﻴﺭ ﺍﻗل 
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CHAPTER ONE 
INTRODUCTION 
Desertification is considered as one of the greatest environmental 
and socioeconomic development challenges. It is a multi-dimensional 
problem partly resulting from irrational human exploitation of natural 
resources. The United Nations Environment Program (UNEP) estimated 
that the world would lose one-third of its arable lands through 
desertification by the end of the 20th century. 
Desertification is defined by the United Nations Convention to 
Combat Desertification (UNCCD, 1994) as “Land degradation in arid and 
semi-arid and dry sub-humid areas resulting from various factors 
including climate variation and human activities”. 
A common misconception is that desertification is process of the 
Sahara spreading; while a desert is a unique ecosystem, desertified areas 
are not: they are degraded ecosystems as defined above. 
In the Sudan several studies indicated that about 120 million ha of 
land, including 64 million ha of soils are degraded to varying degrees. 
The most degraded zones were arid and semi-arid zone where 76% of 
human population of Sudan lives (Ayoub, 1998). 
Desertification occurs, mainly, between latitudes 10°and 
18oN, where thirteen states are affected to varying degrees 
(Salih, 1998). The determinative land degradation 
/desertification processes include degradation of vegetation 
cover, wind erosion, water erosion, and salinization 
/sodication. Whereas, the subordinate processes include loss 
of organic matter, crusting and compaction and accumulation 
of toxic substances in soil and plant. Wind erosion is 
predominant in the arid zone, while water erosion is dominant 
in the semi-arid zone. The central clay plains and the 
ironstone soils of southwest were the least degraded soil 
types. 
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The White Nile State is among the states, which are mostly 
affected by wind erosion, particularly the northern parts of El Dueim, and 
El Geteina and the western parts of Kosti localities. 
Wind erosion, physically, removes the lighter and less dense 
soil constituents (organic matter, clay and silt), and thus, it 
removes the most fertile part of soil and lowers soil 
productivity (Lyles, 1975). In general, wind erosion threats 
the sustainability of the land as well as viability and quality of 
life for rural and urban communities. 
The rate of wind erosion depends mainly on wind erosivity (We) 
and soil erodibility (Se). Wind erosivity is governed by the factors of 
atmospheric flow and by the resistance to this flow as determined by 
vegetation cover, clods, and non-erodible fractions, ridges and shelters 
belts. Soil erodibility is a prime indictor of potential wind erosion (WEp) 
and it is used for estimating WEp by the soil loss equation (Woodruff and 
Siddoway, 1965). Thus, soil erodibility data are essential for the 
assessment and mapping of wind erosion. The main objective of this 
study is to estimate the erodibility of the agricultural soils in the White 
Nile state and correlate them with appropriate soil physical and chemical 
characteristics. 
The specific objectives of the study include: 
• Quantitative estimation of wind erodibility 
of soil samples collected randomly from 
selected agricultural fields in the White 
Nile State. 
• Correlation of soil erodibility with basic 
soil physical and chemical properties. 
• Identification of basic soil properties that 
can be used as predictors of soil 
erodibility. 
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•  Establishment of soil erodibility groups 
and correlating them with international 
groups. 
CHAPTER  TWO 
LETREATURE  REVIEW 
2.1 Desertification processes 
Desertification is a land degradation process that takes place under 
arid, semi-arid and dry-sub-humid conditions. It is a long-term process. 
Long in terms of its development and impact and it is associated with the 
adverse human activity, therefore, it is difficult to pinpoint its cause and 
effect relationships. However, in the absence of control measures the 
process may reach its state of irreversible desert condition, leading 
ultimately to even greater and more visible damage to the environment 
and local communities in susceptible areas. 
Desertification consists of four determinative processes, namely, 
vegetation degradation, wind erosion, water erosion, 
salinization/sodication, and three subordinate processes, namely, loss of 
organic matter, compaction and crusting and accumulation of toxic 
substances. 
A common misconception is that droughts are responsible for 
desertification. Drought does not cause desertification but, under poor 
management of natural resources, drought accentuates the adverse impact 
of that management and accelerates land degradation . 
Dregne (1986) reported that overgrazing and woodcutting are 
responsible for most of the desertification of rangelands. Cultivation 
practices inducing accelerated water and wind erosion are most 
responsible in the rain-fed croplands and improper water management 
leading to salinization/sodication is the cause of deterioration of irrigated 
lands. 
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In Sudan, Ayoub (1998) reported that, overgrazing is the most 
widespread cause of soil degradation, particularly around permanent 
settlements and watering centers, affecting about 30 million ha (47%) of 
the total degraded areas. Clearance of forests and wood lands cover for 
firewood and charcoal making and over exploitation of vegetation is the 
second cause of soil degradation affecting 22 million ha. Cropping 
without appropriate nutrient input have degraded about 12 million ha 
particularly in small scale farming on sand and loamy soils. 
2.2 Wind erosion: 
Wind erosion is the process by which fine, loose surface soil 
particles are picked up and transported by the wind and the surface soil 
material is abraded by wind-borne particles. 
The process consists of two phases: 
i. Detachment of individual fine soil particles 
from the soil mass. 
ii. Transport of fine loose surface soil particles by 
erosive wind. 
When the erosive energy of the wind is not sufficient to entrain the 
soil particles, deposition occurs. 
Wind erosion is a natural process in areas that experience low, 
variable, unpredictable rainfall, high temperature, high rates of 
evaporation and high wind velocity. It is accelerated by poor range and 
forest management, over exploitation of natural vegetation cover, 
expansion of agriculture in marginal lands and accidental or intentional 
fires. 
Ayoub (1998) estimated that wind erosion degraded an areas of 
about 27 million ha, most of it in hyper-arid and arid zones of Kordofan 
and Darfur. Furthermore, the narrow fertile strips along the Nile River, 
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north of Khartoum are being encroached by sand dunes in both banks of 
the river. 
 
 
 
Rizgalla (1998) reported that there is a pronounced spatial and 
temporal variation in wind erosion in North Kordofan. He found that, 
wind erosion reduced the mean silt plus clay contents by 15.8% and 
increased sand by 2.4%and reduced total Nitrogen by 5.3%. 
2.2.1 Causes of wind erosion: 
Major causes of wind erosion were categorized in to two main 
groups. 
2.2.1.1. Natural causes: 
Including adverse climatic conditions and climate change, leading 
to natural wind erosion. In the arid and semi-arid zones the climatic 
conditions are highly variable. Historical evidence shows that, drought 
were not unusual in the Sudano-Sahelian zone. A prolonged drought spell 
in 1968-1973 and other droughts has occurred before and after that time. 
Despite the exceptional rainfall recorded in West Africa and Sudan 
during 1994, there is growing evidence that the Sahelian drought is not 
the result of natural feed back processes alone, but represents climate 
change initiated by global warming. In general, drought does not 
necessarily causes desertification, but it may exaggerate the harmful 
impact of improper land use and management. 
2.2.1.2. Adverse human activities: 
In arid and semi-arid zones where 76% of the human population of 
the Sudan lives, most of people in these areas seek sustenance from the 
fragile ecosystems. They c26/06/2004ultivate marginal lands, up root 
shrubs, cut wood and vegetation as well as their domestic animals 
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overgraze the land. All these activities lead to removal of soil cover, 
exhaust soil organic matter and impoverish soil fertility and consequently 
increase the soil erosion hazard. 
In Sudan overgrazing, improper agricultural practices and 
mechanized rain-fed agriculture, deforestation, overexploitation of 
vegetation represented 46.9% 21.7%, 18.7% and 12.7%, respectively 
(Ayoub, 1998). 
Overgrazing of rangelands by livestock affects 30 million ha, 
mostly in arid zone, causing widespread wind erosion. 
2.2.2 Wind erosion hazard: 
Erosion hazard is a measure of susceptibility of an area of land to 
prevailing agents of erosion. It is determined by climate, topography, soil 
erodibility and land use. The assessment of erosion hazard for wind 
erosion and water erosion is given for permanent pasture and cultivation. 
These assessments have been based on field observation of existing 
erosion, terrain factors and the erodibility of the soil material in the soil 
landscape. 
Very limited research was conducted on the magnitude and impact 
of wind erosion in Sudan. Wind erosion has the on site and off site 
impact: 
2.2.2.1 On site impact:  
Wind erosion physically removes the lighter, less dense soil 
constituents such as organic matter, clay and silt. Thus, it removes the 
most fertile part of the soil and lowers its productivity (Lyles, 1975). 
Soil structure is degraded by detachment and dispersion processes 
due to removal of the cementing agents (clay and organic matter).Wind 
erosion can also affect plants by reducing seedling survival and growth, 
depressing crop yields, increasing the susceptibility of plants to certain 
types of stress, including diseases by transmission of some pathogens 
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(Armbrust, 1982 and 1984; Claflin et al.; 1973, Michels, et al. ,1995). 
Furthermore, erosive winds cause loss or redistribution of seeds and agro-
chemicals (Fertilizers and pesticides) and increase economic costs. 
 
 
The redistribution of fertilizers and pesticides may result in 
excessive accumulation of some poisons in the field and result in plant  
toxicity and reduction of crop yield. 
2.2.2.2. Off site impact: 
Some soil material from damaged land enters suspension and 
becomes part of the atmospheric dust load. Dust obscures visibility and 
pollutes the air, it fills roads, ditches, reservoirs and canals where it can 
impair water quality, it causes automobile accidents, fouls machinery, and 
imperils animal and human health (Skidmore, 1988). 
2.3 Mechanics of wind erosion: 
The movement of soil particles is directly related to critical wind 
velocity. Soil particles movement is initiated under the pressure of wind 
against the soil particles. Soil surface particles move along the ground 
surface in series of jumps known as saltation. The impact of this saltating 
particles initiate the movement of larger and denser particles, and at the 
same time they can initiate the movement of finer and lighter particles. 
Chepil (1959) found that, the difference in static pressure at the top of the 
grain compared to that at the bottom causes the lift of the grain. 
2.3.1 The surface wind profile: 
Surface wind profile refers to the relationship between wind 
velocity and height. Severity of wind of a given velocity is greatly 
determined by the equilibrium between the soil, vegetation or any 
obstacles and the nature of the wind flow. 
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Wind speed and height are the two variables incorporated in the 
following Prandtle and von Karman equation, which describes the mean 
wind velocity profile in fully turbulent conditions, up to 150cm above the 
ground surface: 
Vz = (2.3/k) V* log Z/Zo 
Where: Vz = Velocity at any height z (Z ≤ 150 cm above the mean 
aerodynamic surface). 
k = The von Karman universal constant for turbulent flow, which has a 
value of approximately 0.4 for clear fluids. 
 V* = The drag or shear velocity. 
Zo = The height above the mean aerodynamic surface at which the 
velocity is zero. 
Another relation is found for drag per square centimeter of ground 
parallel to the wind direction as follows: 
V* = √τ/ρ 
Where:  τ = The shear stress at the soil bed. 
ρ = Density of fluid. 
The surface wind profile can be expressed in two cases: 
i. Stable Surface. 
Vz = (2.3/k) V* log Z/Zo 
ii. Eroding surface. 
Bagnold (1941) found that, the velocity profile could be expressed by 
the following modified equation: 
Vz = (2.3/k) V* log Z/Zt + Vt 
Where: Vt = Threshold velocity 
Zt = The height above the mean aerodynamic at which the 
velocity is equal to Vt. 
 
2.4 Factors influencing wind erosion: 
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Two main factors determine the potential rate at which wind 
erosion occurs. They are wind erosivity and soil erodibility. 
2.4.1 Wind erosivity: 
Wind force is the principle factor that affects wind erosivity. Wind 
tunnel tests and field measurements showed that, the rate of soil 
movement is proportional to the cube of wind velocity. The threshold 
velocity, which initiates the wind velocity, was found to be lowest than 
(8-9) miles per hour at 6 inches above the ground) for particles of 
diameter ranging from 0.1 to 0.15mm. The nature of atmospheric flow 
and ground surface roughness also govern wind velocity. 
Skidmore and Woodruff (1968) developed simple wind erosivity 
index based on wind velocity and duration of the wind expressed as 
follows: 
Ew = ∑ ∑ vij3 .fij 
 
.   Where: Ew = wind erosivity value. 
vij  = the mean velocity of wind in the ith speed group  
for vector j above a threshold velocity (taken as 
19 km/hr). 
fij = Duration of wind for vector j in the ith speed  
group, expressed as presantege of the total     
duration of the wind flow . 
Vector j represent 16 principle compass direction starting with j = O = E 
and working anti-clock wise. 
2.4.2 Soil erodibility: 
Soil erodibility is a measure of soil detachment and transport by 
wind or water. The term soil erodibility applies for both wind and water 
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erosion. However, the resistance of the soil to wind erosion depends upon 
dry rather than wet aggregate stability and upon moisture content, but is 
otherwise affected by other soil properties as water erosion. This is why 
some researchers prefer to distinguish between wind erodibility and water 
erodibility of soils. Soil erodibility depends upon basic soil properties, 
topographic position, and slope steepness. However the soil properties are 
the most important determinants (Morgan, 1995). 
Most soils consist of aggregates formed of individual particles held 
together by electro-kinetic forces and cementing agents (organic matter 
and clay). The state and stability of this structural unit determine the 
erodibility of the soil in the field (Chepil and Woodruff, 1963). Dry soil 
aggregates larger than 0.84mm in diameter are considered non-erodible 
and their percentage in the soil is used as an indicator of soil erodibility 
by wind. Aggregates finer than 0.84 mm are susceptible to wind erosion 
(Chepil, 1958). 
2.4.2.1 Factors influencing soil erodility: 
Resistance of soil to wind erosion is determined by soil properties 
including soil texture, aggregate stability, organic matter content calcium 
carbonate, moisture content, salinity and sodicity. 
(a) Soil texture  
In general, large particles are resistant to transport by an erosive 
wind because of greater force required to entrain them, whereas 
very fine particles are resistance to detachment because of their 
cohesiveness. Chepil (1955a) found that, high proportion of silt 
and clay in soil promotes greater production of clods and lower 
soil erodibility. Conversely, a high proportion of sand produces 
few clods and promotes high erodibility of soils. He also found 
that clods showing a high degree of stability consisted of 
mixture containing 20-40% clay, 40-50% silt and 20-40% sand. 
 20
Richer and Negendank (1977) showed that, soils containing up 
to 60-40% silt are most erodible soils. Chepil (1955a) indicated 
that soils with  20-30% of expanding clay are the least erodible 
soil. 
 
 
(b) Aggregate stability: 
The stability of soil aggregates is the most important factor that 
determines the resistance of soil to erosion. It is highly 
dependent upon a variety of cementing agents such as 
derivatives of organic matter, clay minerals, and aluminum, iron 
and silica oxides. In general, all factors that promote soil 
aggregation, decrease soil erodibility.  
The content of water-stable aggregates is used as an 
indicator of soil resistance to dispersion and subsequently to 
water erosion. It is directly related to dispersion ratio and clay 
ratio. 
Water stable aggregates showed significant positive 
correlation with organic carbon content. Whereas the 
correlation of water stable aggregates with dispersion ratio, clay 
moisture equivalent ratio and suspension percentage was 
significantly negative. Increase in the diameter of soil particles, 
irrespective of whether they are primary particles or secondary 
tend to increase soil coldness and decrease soil erodibility by 
wind (Chepil, 1953a). The formation of stable aggregates also 
depends on the clay mineral type. Soil containing appreciable 
amount of montomorillonite clay with open-lattice structure and 
high swelling potential form less stable aggregates than those, 
which contain koalinite.  
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c) Soil moisture: 
Chepil (1956) found that, soil erodibility decreased as the 
square of soil moisture content increased up to 15-atmosphere 
percentage (i. e., up to permanent wilting point). Similarly, Belly 
(1964) showed that threshold shear velocity increased rapidly as 
soil moisture increased until at gravimetric moisture content of 2 or 
3% the threshold shear velocity is very high indeed. 
d) Organic matter: 
The influence of organic matter on soil erodibility is directly 
related to its effect on aggregates stability. Derivatives of organic 
matter such as polysaccharides act as cementing agents and 
promote aggregate stability. Chepil (1955b) investigated the effects 
of organic matter on soil erodibility. He found that additions of 1 to 
6 percent organic matter during the initial stages of decomposition 
(less than one year) led to enhance clods production and decreased 
erodibility, but that over a period of four years, there was a decline 
in clods productions and increase in erodibility. It was concluded 
that continuous additions of organic matter is necessary to improve 
soil structure, water movement and aeration. 
e) Calcium carbonate (Ca CO3): 
Chepil (1954b) found that calcium carbonate weakens soil 
structure and increase soil erodibility. Sandy soils provide an 
exception because, as they have little structure in place, the 
addition of silt-sized calcium carbonate is beneficial since it acts as 
a weak cementing agent. 
In a study conducted to investigate the impact of carbonates 
on soils, four groups of soils have been separated by the Alberta 
soil advisory committee (Black and Chanasyk, 1989). The groups 
were those containing: 0-0.4%, 0.41-5.0%, 5.01-10% or greater 
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than 10% calcium carbonate. The group of 0.4% calcium carbonate 
has been taken as the minimum amount of free soil carbonates and 
used to discriminate between a non-calcareous and weakly 
effervescence group  (0.51- 4.99%). 
 
2.5 Measurement of soil erodibilty: 
A lot of research works was conducted to estimate the relative soil 
erodibility using indices based on measured soil properties. The simplest 
model developed by Chepil (1960). The model was based on wind tunnel 
experiment and field data. The relative erodibility of soil has been related 
to particle-size distribution. Aggregates larger than 0.84 mm in diameter 
were considered as non-erodible in the range of wind speed used in the 
tests. Since then the non-erodible soil fractions, as determined by dry 
sieving, has been used as an indicator of soil erodibility by wind (Chepil 
and Woodruff, 1959). Soil erodibility was expressed on dimensionless 
basis for a given soil and surface condition. The index was expressed as 
follows: 
I = X2/X1 
Where:  I = Erodibility Index. 
X1 = The quantity of eroded soil material  from soil          
                     containing 60% of clods > 0.84 mm. 
X2 = the quantity eroded under the set of conditions  
                   for soil containing any other proportion of clods  
                                         > 0.84 mm. 
The relation between annual soil loss and relative field erodibility 
was expressed as follow: 
Y = axb – 1/cdx  
Where: Y = the annual soil loss (ton/acre). 
  X = dimensionless relative field erodibility. 
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  a, b, c, x = constant equal to 140, 0.287, 0.01525 and 1.065,  
                  respectively. 
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CHAPTER THREE 
MATERIAL AND METHODS 
3.1 Basic information of study area 
3.1.1   Location 
The study area covered northern and western parts of the White 
Nile State which lies between latitudes 12O and 15° 20 ̀ N and longitudes 
31° 30` and 33°E. 
3.1.2 Climate: 
The study areas extending from semi –desert zone (receives 
less than 200mm rainfall) in the north to the semi dry sub-
humid in the south where rainfall approaches 500 mm. No 
effective rainfall is received from November to May and the 
wettest months are July and August. 
The mean maximum temperature is around 40°C reached in 
April, just prior to the onset of the rains and the lowest is 30°C reached 
towards the end of rainy season. 
Humidity range from low to very low for most years rising only 
during the rainy season. 
Humid southwestern trade winds prevail during the period from 
June to September. Whilst northeast trade winds associated with dry 
season and usually prevalent during May to October. Wind velocity 
varies from gentle to medium but it reaches gusty proportions during the 
hot summer season causing movement of unstable sand dunes in the 
northern and western parts of the State.  
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3.1.3 Physiography 
Generally the State is featureless with large expanses of flat 
plains extending to the east and west from the White Nile River. The 
State has the following four prominent geomorphic features: 
i. Flat clay plain that makes up most of the 
study areas. 
ii. Old White Nile river channel, which only is 
discernable when, the river is at low. 
iii. Narrow flood plain (gerf) situated along the 
river and it is annually flooded. 
iv. Small isolated residual basement complex 
(Jebels).  
Physiographic formation of the state is categorized into: 
i. Alluvial plains and alluvial fans emerging 
from the basement bedrocks, which dominate the southern 
parts of the state. 
ii. Aeolian sand consisting of goz dunes and 
pediments in north and northwest of the state. The 
movement of these dunes presents a real threat to many of 
the irrigated lands north of El Dueim and El Geteina 
localities. 
3.1.3.1 Soils 
The major soil groups of the study area are: 
i. Vertisols consisting of the alluvial clay 
plains and fans. 
ii. Entisols and Aridisols of aeolian sands. 
The Vertisols are dark brown to black in co lour, medium to 
heavy texured cracking clay with deep profiles (2.5-3.0m). The soils are 
relatively young and have not yet fully homogenized, thus they exhibit 
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undeveloped vertic features. Generally, soils are low in soluble salts with 
ECe values less than 5.0 dS/m, alkaline, low in organic carbon content 
(below 1%), and with high calcium carbonate concretions. Nitrogen 
content is very low ranging between 0.02 to 0.05ppm, high in 
exchangeable calcium 20-30. %, magnesium 3-5 %, potassium 0.5-5%, 
and the phosphate levels are low to deficient 3-7ppm. 
Goz soils are characterized by textures ranging from coarse sand 
to sandy clay loam with fine sand and sandy loam. Fertility levels of these 
soils are generally very low. 
3.1.3.2 Vegetation: 
The dominant species in the semi desert zone are Acacia tortilis 
and Mareua crassifolia scrub whilst the southern parts of the Sudano-
savanna belt are associated with Acacia melifera and grassland. 
3.1.3.3 Land use: 
The land use is closely correlated to the dominant production 
system, which are irrigated and rain-fed farming as well as livestock 
production. 
3.2 Materials: 
. The soil samples were collected from50 fields located in north 
El Geteina, north El Deuim and the western parts of Kosti localities 
(Table 3-1). 
. Two to three random soil samples; 1 to 1.5 kg each were 
collected from each field. The samples were taken carefully with a spade 
to preserve the soil aggregates. 
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Table 3.1  The geographic locations of the fields from which soil samples 
were collected . 
 
No of. 
Site 
Site (area) 
 
No of.
Site 
Site (area) 
 
1 Wad ballal (W)1* 26 Al Arashkoal(E)2 
2 Wad ballal (W)2 27 Al Arashkoal(W)1 
3 Wad ballal (E)1* 28 Al Arashkoal(W)2 
4 Wad ballal (E)2 29 Shabasha 
5 Wad ballal (E)3 30 El Jefeinab 
6 Wad El kerial 1 31 Areak 
7 Wad El Kerial2 32 El Geteina Ghrbia1 
8 El Sheikh el Yagoot 33 El Getina al Ghrbia2 
9 El Kadarees1 34 Umm Hani1 
10 El Kadarees2 35 Umm Hani 2 
11 El Geteina (W)1 36 Goz el Salam 1 
12 El Geteina (W)2 37 Goz el Salam2 
13 El Geteina(W)3 38 Goz el Salam3 
14 El Geteina (W)4 39 El Karo el Ebassab1 
15 El Geteina (W)5 40 El Karo el Ebassab2 
16 El Geteina (W)6 41 El Karo el Ebassab3 
17 Attlha 42 El Girba Project 1 
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18 Assifairya 43 El Girba Project 2 
19 Tayba 1 44 El Girba Project 3 
20 Tayba 2 45 El Hassanya 1 
21 El Turra el Khadra 46 El Hassanya 2 
22 El Khenger 47 El Hassanya 3 
23 El Arashkoal (N)1* 48 El Sheikh Adam 1 
24 El Arashkoal (N)2 49 El Sheikh Adam 2 
25 El Arashkoal (E)1 50 El Sheikh Adam 3 
 
*N= North, W= west , E= east , sites 1-16 were  form . 
N.El Geteina, 17-33 were form N. El Dueim, 34-50  were form . 
W.Kosti. 
 
 
  
  
  
3.3 Methods: 
3.3.1 Methods of estimating soil erodibility by wind erosion: 
Soil erodibility assessed by determining the percentages of non-
erodible soil particles (soil fractions > 0.84mm), by using dry sieving 
method proposed by Chepil and Woodruff (1959). Manual sieving instead 
of rotary sieving was adopted. The following steps were followed: 
i. One kilogram of an air-dry soil sample 
was collected from the surface layer (0-3cm). Soil 
samples which were not air-dry were spread on trays and 
left to dry in the laboratory  
ii. Stones and straw (if any) were removed 
before sieving. 
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iii. The 50 samples were weighted and 
sieved on 0.84, (No.20) 20.3 cm .The percent of particles 
>0.84 were determined. 
iv. Sieving times varied from 1 to 2 min. 
depending on the mechanical stability of the aggregates. 
v. Soil erodibility was estimated using 
Table 3.2. 
3.3.2 Chemical and physical analysis: 
The soil samples were crushed, passed through 2mm sieve and 
saved for chemical and physical analysis. Particle-size distribution was 
determined by the hydrometer method (Black et al., 1965). The texture 
classes of the soil samples were determined according to USDA textural 
triangle. Calcium carbonate contents were determined on samples which 
had effervescence in an acid drop test. Calcium (Ca) and magnesium 
(Mg) were determined by titration against EDTA according to method 
described by Chapman and Pratt (1961). Soil pH in soil paste determined 
using pH-meter, and ECe of saturated soil extract by using ECe-meter 
(EC-bridge). Organic carbon was determined by dry ashing method 
proposed by Fredrick and translated by Ibrahim (1991), and organic  
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matter was calculated. Sodium (Na+) and (K+) were determined by using 
flame photometer and absorption ratio (SAR) was calculated according to 
following equation: 
 
SAR   =  
 
* The cation concentrations are given in meq/L. 
Na+ 
Ca++ + 
++
2 
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CHAPTER  FOUR 
RESULTS 
4.1 Particle-size distribution and texture: 
Table 4.1 presents the particle-size distribution and texture 
classes of the soil collected from the 50 fields. 
The mean clay content ranged from 14% to 63%, the standard 
deviation (SD) and coefficient of variation (CV) of individual soil 
samples ranged from 0.0 to 11.3, and from 0.0 to 47.1%, respectively. 
The overall SD and CV for all the soil samples were 3.3 and 10.4%, 
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respectively. The mean silt content ranged from 3% to 33%, the SD and 
CV values for the individual soil samples ranged from 0.0 to 15.6% and 
from 0.0 to 106.1%, respectively. The overall mean SD and CV for all the 
soil samples were 3.04 and 26.2%, respectively. 
The mean sand content ranged from 82% to 20%, the SD and CV 
values for the individual soil samples ranged from 0.0 to 14.1% and from 
0.0 to 32.1%, respectively. The overall mean SD and CV for all the soil 
samples were 4.6% and 9.8%, respectively. The texture classes ranged 
from sandy loam to clay. Five soil samples were sandy loam, seventeen 
were sandy clay loam, thirteen were sandy clay, one was loam, one was 
clay loam and thirteen were clay. Most of the soil samples ranged from 
medium to heavy texture classes. 
4.2 Soil organic matter: 
The mean organic matter content (OM) of the surface soil 
samples ranged from 0.01% to 0.29%(Table 4.2). The SD and CV values 
ranged from 0.0 to 0.18% and from 0.0 to 125.7%, respectively. The 
overall mean SD and CV for all the soil samples were 0.04 and 39.3%, 
respectively. 
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Table 4.1 Particle-size distribution and texture class of  soil samples    
           
Soil No. Aver.Clay%  SD CV 
Aver. 
Silt% SD CV Aver.Sand% SD CV Soil texture 
1 35 4.2 12.1 15 1.4 9.4 50 2.8 5.6 Sandy clay 
2 32 2.8 8.8 14 5.6 40.4 54 8.4 15.7
Sandy clay 
loam 
3 30 2.8 9.4 14 5.6 40.4 56 8.4 15.2
 Sandy clay 
loam 
4 41 9.8 24.1 15 4.2 28.2 44 14.1 32.1 Clay loam 
5 21 9.8 47.1 11 7.1 64.2 68 2.8 4.2 
 Sandy clay 
loam 
6 14 0 0 6 2.8 47.1 80 2.8 3.5 Sandy loam 
7 24 11.3 47.1 33 1.4 4.2 43 12.7 29.5 loam 
8 27 4.2 15.7 20 14.1 70.7 53 9.8 18.6
Sandy clay 
loam 
9 28 2.8 10.1 17 7.1 41.5 55 4.2 7.7 
Sandy clay 
loam 
10 27 4.2 15.7 8 8.4 106.1 65 4.2 6.5 Sandyclay loam 
11 16 0 0 5 1.4 28.2 79 1.4 1.7 
Sandy clay 
loam 
12 23 1.4 6.1 6 0 0 71 1.4 1.9 Sandy loam 
13 21 7.1 33.6 23 15.6 67.6 56 8.4 15.2 Sandy loam 
14 25 1.4 5.6 7 1.4 20.2 68 0 0 
Sandy clay 
loam 
15 23 4.2 18.4 8 2.8 35.3 69 7.1 10.2
Sandy clay 
loam 
16 24 0 0 7 1.4 20.2 69 1.4 2.1 
Sandy clay 
loam 
17 41 4.2 10.3 17 1.4 8.3 42 5.7 13.5
Sandy clay 
loam 
18 29 1.4 4.8 6 0 0 65 1.4 2.2 Clay  
19 36 0 0 11 4.2 38.5 53 4.2 8 
Sandy clay 
loam 
20 48 2.8 5.8 14 8.4 60.6 38 11.3 29.7 Sandy clay 
21 49 1.4 2.8 9 1.4 15.7 42 0 0 Clay 
22 53 1.4 2.6 15 7.1 47.1 32 8.4 26.5 Clay 
23 23 1.4 6.1 8 2.8 35.3 69 1.4 2 Clay 
24 44 0 0 16 2.8 17.6 40 2.8 7.1 
Sandy clay 
loam 
25 37 4.2 11.4 5 1.4 28.2 58 2.8 4.8 Clay 
26 35 7.1 20.2 18 2.8 15.7 47 9.8 21.1 Sandy clay 
27 28 8.4 30.3 11 7.1 64.2 61 1.4 2.3 Sandy clay 
28 30 5.6 18.8 10 0 0 60 5.6 9.4 
Sandy clay 
loam 
29 61 1.4 2.3 19 1.4 7.4 20 2.8 14.1
Sandy clay 
loam 
30 47 4.2 9 13 1.4 10.8 40 5.6 14.1 Clay 
31 63 1.4 2.2 14 0 0 23 1.4 6.1 Clay 
32 16 0 0 3 1.4 47.1 81 1.4 1.7 Sandy loam 
33 15 1.4 9.4 3 1.4 47.1 82 2.8 3.4 Sandy loam 
34 50 2.8 5.6 15 4.2 28.2 35 7.1 20.2 Clay 
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35 46 2.8 6.1 9 4.2 47.1 45 7.1 15.7 Clay 
36 39 1.4 3.6 5 1.4 28.2 56 2.8 5.1 Sandy clay 
37 51 7.1 13.8 8 0 0 41 7.1 17.2 Clay 
38 27 9.8 36.6 4 0 0 69 9.8 14.3
Sandy clay 
loam 
39 41 4.2 10.3 10 0 0 49 4.2 8.6 Sandy clay 
40 43 1.4 3.2 14 0 0 43 1.4 3.2 Sandy clay 
41 41 1.4 3.4 18 0 0 41 1.4 3.4 Sandy clay 
42 45 1.4 3.1 11 1.4 12.8 44 2.8 6.4 Clay 
43 48 2.8 5.8 12 0 0 40 2.8 7.1 Clay 
44 44 5.6 12.8 17 1.4 8.3 39 4.2 10.8 Clay 
45 36 2.8 7.8 11 1.4 12.8 53 1.4 2.6 Sandy clay 
46 30 2.8 9.4 6 0 0 64 2.8 4.4 
Sandy clay 
loam 
47 38 0 0 12 5.6 47.1 50 5.6 11.3 Sandy clay 
48 41 1.4 3.4 12 2.8 23.5 47 4.2 9 Sandy clay 
49 41 1.4 3.4 13 4.2 32.6 46 5.6 12.2 Sandy clay 
50 41 1.4 3.4 12 0 0 47 1.4 3 Sandy clay 
Overall mean 3.26 10.43   3.04 26.16   4.6 9.8   
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Fig.4.1 Mean non-erodible soil particles(NEP) 
versus  clay content
y = 3.4958x0.7145
R2 = 0.3541
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Fig.4 .2 Mean non-erodible soil particles [NEP] 
versus silt content
y = 18.277x0.3619
R2 = 0.1802
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Fig.4 .3 Mean non-erodible soil particles [NEP] 
versus sand content
y = -0.0068x2 + 0.1416x + 58.87
R2 = 0.3646
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Fig.4 .4.Mean non-erodible soil particles [NEP] 
versus of calcium carbonate
y = 9.2511Ln(x) + 34.144
R2 = 0.107
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Fig.4 .5. Mean non- erodible soil particles [NEP] 
versus clay(C) over silt(Si) plus sand(S)
y = 57.434x0.4521
R2 = 0.3236
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Fig.4 . 6.Mean non-erodible soil particles [NEP] 
versus silt(Si) plus sand(S) over clay(C)
y = 69.08e-0.2149x
R2 = 0.4186
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Fig.4.7.Mean non-erodible soil  particles(NEP) 
versus silt plus sand over clay plus calcium 
carbonate
y = 70.461e-0.2619x
R2 = 0.4082
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Fig.4.8.Wind Erodibility(WE) versus clay content
y = -104.66Ln(x) + 475.7
R2 = 0.3319
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Fig.4 .9 Wind Erodibility(WE) versus silt content
y = -55.239Ln(x) + 238.68
R2 = 0.1834
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Fig.4.10.Wind Erodibility (WE) versus sand content
y = 0.0558x2 - 3.3603x + 119.32
R2 = 0.3826
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Fig. 4.11.Wind Erodibility (WE) versus clay  
over silt plus sand
y = -67.183Ln(x) + 64.989
R2 = 0.3128
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Fig.4.12.Wind Erodibility(WE) versus silt (Si) 
plus sand (S) over clay(C)
y = 8.9389x2 - 23.923x + 102.57
R2 = 0.4615
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Table 4.2 Soil organic matter % (Si+ S)/C  and C/(Si +S) 
      
 ratios of the soil 
samples       
Soil No. 
    
OM% 
    
SD     CV
  
[Si+S]/C
  
C/[Si+S]
1 0.11 0.08 77.1 1.9 0.5 
2 0.12 0.02 18.4 2.1 0.4 
3 0.18 0.18 101 2.3 0.42 
4 0.14 0.05 36.7 1.4 0.69 
5 0.1 0.1 99 3.8 0.27 
6 0.04 0.01 35.4 6.1 0.16 
7 0.08 0 0 3.2 0.32 
8 0.21 0.06 26.9 2.7 0.37 
9 0.08 0.04 47.1 2.6 0.39 
10 0.17 0 0 2.7 0.37 
11 0.1 0.11 111.6 5.3 0.19 
12 0.12 0.02 18.4 3.4 0.3 
13 0.1 0.1 15.7 3.8 0.27 
14 0.04 0.04 106.1 3 0.3 
15 0.01 0 0 3.4 0.3 
16 0.01 0 0 3.2 0.32 
17 0.02 0.01 70.7 1.4 0.69 
18 0.02 0.01 70.7 2.6 0.41 
19 0.1 0.04 37.2 1.8 0.56 
20 0.05 0.02 56.6 1.1 0.92 
21 0.04 0.04 106.1 1 0.96 
22 0.1 0.02 56.6 0.9 0.13 
23 0.1 0.02 56.6 3.4 0.3 
24 0.09 0.11 125.7 1.3 0.79 
25 0.09 0.02 25 1.7 0.59 
26 0.13 0.06 50.9 1.9 0.54 
27 0.21 0.05 26.9 2.6 0.39 
28 0.17 0 0 2.3 0.43 
29 0.21 0.05 26.9 0.6 1.56 
30 0.1 0.09 99 1.1 0.89 
31 0.03 0 0 0.6 1.7 
32 0.11 0.08 77.1 5.3 0.19 
33 0.11 0.04 33.7 5.7 0.18 
34 0.09 0.05 62.9 1 1 
35 0.13 0 0 1.4 0.85 
36 0.14 0.05 36.7 1.6 0.64 
37 0.11 0.08 77.1 0.9 1.04 
38 0.1 0.03 28.3 2.7 0.37 
39 0.25 0 0 1.4 0.69 
40 0.29 0 0 1.3 0.75 
41 0.25 0 0 1.4 0.69 
42 0.28 0.04 12.9 1.2 0.82 
43 0.17 0 0 1.1 0.92 
44 0.23 0.04 15.7 1.3 0.79 
45 0.18 0.01 4.04 1.8 0.56 
46 0.19 0.02 11.5 2.3 0.43 
47 0.23 0.04 15.7 1.6 0.61 
 40
48 0.24 0.09 39.1 1.4 0.69 
49 0.15 0.04 24.4 1.4 0.69 
50 0.15 0.04 24.4 1.4 0.69 
Overall mean   0.04 39.32     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.3 Salinity and sodicity: 
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Table 4.3 shows that the mean electrical conductivity of the 
saturated extracts at 25°C (ECe) ranged from 0.13 to 16.4 dS/m within 
field. The SD and CV values ranged from 0.0 to 16.5 and from 0.0 to 
125.6, respectively. The overall mean SD and CV values were 0.83 and 
34.2, respectively. 
The mean sodium adsorption ratio (SAR) values of the individual 
soil samples ranged from 0.75 to 57 The SD and CV values ranged from 
0.0 to 24 and from 0.0 to 102.8, respectively. The overall mean SD and 
CV values were 2.4 and 30.9, respectively. 
4.3 Calcium carbonate: 
Table 4.3 shows that the mean calcium carbonate percentage of 
individual soil sample ranged from 1 to 11.9%. The SD and CV values 
ranged form 0.0 to 2.9% and from 0.0 to 141.4%, respectively. The 
overall mean SD and CV values were 0.87% and 21%, respectively. 
4.5. Soil particles > 0.84mm (NEP): 
Table 4.4 shows that the mean percentage of soil particles > 0.84 (non 
erodible soil particles) ranged from.4.8% to 83.1%. The SD and CV of 
individual soil samples ranged from 0.0 to 28.3 and from 0.0 to 48.4%, 
respectively. The overall mean SD and CV values were 7.9 and 19.1%, 
respectively. 
4.6  Soil erodibility: 
Table 4.4 shows that the soil erodibility index ranged from 0.0 to 
410.6 ton/ha. These indices were obtained from Table 3.2 as explained in 
chapter three. 
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Table4.3 Some chemical analysis of  soil samples      
           
SoilNo. 
pHpas
t 
ECe 
dS/m  SD CV 
SA
R SD CV 
CaCO
3 SD CV 
1 7.3 0.67 
0.0
9 13.8 8.5 
1.6
9 19 8.9 2.9 32.4 
2 7.4 0.63 
0.1
1 16.9 8.8 
1.3
4 15.4 8.5 2.1 24.9 
3 7.4 0.71 
0.1
6 21.9 
10.
9 
1.6
9 15.5 7.5 2.1 28.3 
4 7.4 0.6 
0.2
7 45.5 7.5 3.8 50.9 7.8 1.69 21.7 
5 7.4 0.47 
0.1
5 31.9 5.2 
1.3
4 26.1 4.5 0.71 15.7 
6 7.2 0.19 
0.0
1 7.4 1.6 
0.2
8 17.6 5.4 2.26 41.9 
7 7.8 2.6 
2.5
9 
104.
2 
25.
2 
23.
5 93.6 11.9 0.42 3.5 
8 7.4 16.4 
16.
5 
100.
7 57 24 42.1 9.9 2.41 24.2 
9 7.4 11.65 
14.
6 
125.
6 
29.
9 
21.
2 71.1 4 0 0 
10 7.8 0.58 
0.1
1 18.4 6.7 
1.6
9 25.3 3.3 0.42 12.8 
11 7 0.36 
0.1
2 33.8 2.6 1.9 74.8 2 0 0 
12 7.3 0.39 0.1 25.3 4.3 
0.7
7 18.3 2.6 0.56 21.7 
13 7.5 0.25 
0.0
7 28.2 
1.9
5 
0.2
1 10.8 8.2 0.28 3.4 
14 7.4 0.22 
0.0
5 23 0.9 0 0 8.8 5.65 64.2 
15 7.2 0.18 0 0 1.4 0 0 5 1.13 22.6 
16 7.3 2.36 
0.0
6 15.7 3.4 0 0 5.1 0.63 12.6 
17 7.4 0.18 
0.0
1 4 1.1 0 0 3.9 0.42 10.8 
18 7 0.19 0 0 1.8 0 0 3.4 1.13 33.2 
19 7.2 0.47 
0.2
9 62.3 5.2 2.9 57.1 2.9 0.14 4.8 
20 7 0.85 
0.5
7 67.7 
6.9
5 
5.5
8 80.3 3 1.41 47.1 
21 7 2.5 
0.0
7 2.8 
1.8
5 
0.0
7 3.8 3.9 1.27 32.6 
22 7 0.5 
0.2
8 56.5 3.1 
1.6
9 54.7 4.2 0.63 15.3 
23 7 0.47 
0.1
8 39.1 
2.7
5 
0.2
1 7.71 2.8 0.28 10.1 
24 6.8 0.63 
0.1
7 28.2 
4.0
5 
2.7
5 68.1 2.5 0.71 28.2 
25 6.9 0.36 
0.0
1 1.9 
2.7
5 
0.2
1 7.7 2.6 0.56 21.7 
26 7 0.26 
0.0
4 13.8 0.8 
0.4
2 53 2.9 0.14 4.8 
27 6.8 0.44 
0.3
7 86.1 1.1 
1.1
3 
102.
8 2.4 0.49 21.1 
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28 6.8 0.13 
0.0
2 16.9 
0.7
5 
0.2
1 28.2 2.7 0.14 5.2 
29 7.2 3.5 
0.8
4 24.2 7.3 
2.6
8 36.8 2.8 0.28 10.1 
30 7.4 0.36 0 0 3.9 
1.4
1 36.2 3.1 0.71 22.8 
31 7.2 0.25 
0.0
1 2.8 1.9 
1.4
1 74.4 2.7 0.42 15.7 
32 6.9 0.29 
0.2
2 78 2.6 
1.6
2 63.7 2.5 0.71 28.2 
33 6.6 0.27 
0.2
1 78.5 
1.3
5 
0.0
7 5.2 1 0 0 
34 7.4 0.56 
0.1
3 24.2 6.1 
0.7
1 11.5 4.5 0.71 15.7 
35 7 0.98 
0.6
7 68.8 
6.8
5 
0.3
5 5.1 4.7 1.83 39.1 
36 7 0.2 
0.0
1 3.6 2.3 
0.2
1 9.4 1.5 2.12 
141.
4 
37 7.2 0.19 
0.0
5 29.7 2.2 
0.3
5 16.4 2.8 0.28 10.1 
38 7 0.16 
0.0
1 4.5 1.8 0 0 3 0 0 
39 7 0.37 
0.1
3 36.8 3.3 
0.5
6 17.1 3.2 1.13 35.3 
40 7.2 0.8 
0.3
9 49.4 3.2 
0.2
1 6.7 2.5 1.55 62.2 
41 7 0.33 
0.0
4 15.2 3.1 
0.9
1 30.1 1.4 0 0 
42 7 0.6 
0.3
1 51.8 4.6 
0.9
1 20.2 2.8 0.28 10.1 
43 7 0.3 
0.0
2 9.4 2.9 
1.4
8 52.1 3 0 0 
44 7.2 0.48 
0.2
8 61 4.9 
1.6
9 34.6 4.6 0.28 6.1 
45 7.2 0.28 
0.0
1 2.5 3.1 
0.9
1 30.1 2.7 0.42 15.7 
46 7 0.18 0 0 1 
0.1
4 14.1 2.3 0.42 18.4 
47 7 0.45 
0.2
1 47.1 3.7 
1.1
3 30.5 2.2 0.28 12.8 
48 7.4 0.2 
0.0
2 14.1 2.3 
0.2
1 9.4 3 0.56 18.8 
49 7 0.9 
0.9
9 
111.
3 6.5 
6.1
5 95.3 3.8 1.13 29.7 
50 7 0.19 
0.0
1 7.4 1.8 0 0 3 0 0 
Overall 
mean     
0.8
3 
34.2
3   
2.4
3 
30.8
6   0.87 
21.1
4 
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4.7 The relationship between NEP (Soil particles > 0.84mm) and soil 
properties: 
Regression analysis (Little and Jackson, 1978) was made to 
examine the relationship between non-erodible particles (NEP) and 
relevant soil properties Table 4.5 and Fig. 4.1 show a highly significant 
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correlation (P<0.001, R = 0.5951) between clay content and the NEP. The 
trend line depicted power increase in NEP with the increase in clay 
content. Clay content accounted for about 35%of the variability of the 
NEP. 
 Fig. 4.2 indicates a highly significant (P<0.01, R = 0.4245) 
power increase in NEP percent with increase in silt percent. Silt 
accounted for about 18%of the variability of NEP. 
Fig. 4.3 shows a highly significant (P<0.001, R = -0.6038) 
quadratic decrease in NEP percent with increase in sand percent. The 
trend line depicts gradual steep decrease in NEP with increase in sand 
content. Sand content accounted for about 37% of the variability of 
NEP%. The relationship between NEP and organic matter was not 
significant. The relationship between NEP and calcium carbonate 
indicated significant (P<0.05,R = 0.3271) logarithmic increase in NEP 
with increase in CaCO3 content. Calcium carbonate accounted for about 
11% of the variability of NEP Fig 4.4. The relationship between NEP and 
ECe (R=-0.2) or SAR (R=0.2645) was not significant at the 5% level. 
Attempts were made to correlate NEP with ratios between the 
non-cementing agents (Si+S) and the cementing agents, (clay, OM and 
CaCO3). Fig. 4.5 shows a highly significant (P<0.001, R = 0.5689) power 
increase in NEP percent with increase of the C/(Si+S) ratio. This ratio 
accounted for about 32% of the variability of NEP%. Fig. 4.6 indicated a 
highly significant (P<0.001, R = -0.6470) exponential decrease in NEP 
percent with increase in (Si+S)/C ratio. The coefficient of determination 
indicates that (Si+S)/C ratio accounted for about 42% of the variability of 
NEP%. Fig. 4.7 shows a highly significant (P<0.001, R = -0.6389) 
exponential decrease in NEP percent with increase of (Si+S)/ (C+CaCO3) 
ratio. This ratio accounted for approximately 41% of variability of NEP.  
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Table 4.5: The regression trend lines showing the 
relationships between non-erodible (Y) soil particles and 
some soil properties and their ratios(X) 
 
      
Property% 
Trend line* a b c R R2 
Clay Power 3. 50 0.72 _ +0.5951 0.3541 
Silt Power 18.28 0.362 _ + 0.4245 0.1802 
Sand Quadratic -0.007 0.142 58.9 - 0.6038 0.3646 
C/(Si+S) Power 57.43 0.452 _ + 0.5689 0.3236 
(Si+S)/C Exponential 69.1 -0.215 _ - 0.6470 0.4186 
(Si+S)/(Ca+CO3) Exponential 70.5 -0.26 _ -0.6389 0.4082 
CaCO3 Logarithmic 9.25 34.14 _ + 0.3271 0.107 
*Power Y=axb ,Quadratic: Y=a x2 + bx+c, Exponential : Y=aebx, 
logrithemic: Y= a ln x +b 
R0.05 = 0.279, R0.01 = 0.361, R0.001= 0.452
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4.8 The relation between soil erodibility and soil properties:  
Table 4.6 shows the regression trend lines indicating the 
relationship between soil erodiblity by wind (WE) and some soil 
properties. Fig. 4.8 shows highly significant correlation (P<0.001, R = -
0.5761) between clay% and WE. Clay percent accounted for about 33% 
of the variability of WE. Using the logarithmic relationship WE is36 and 
193 tons/ha at clay content equal to 65% and 15%, respectively. 
Fig. 4.9 shows a highly significant (P<0.01, R = 0.4289) 
logarithmic correlation between silt% and WE. The logarithmic trend line 
indicated that for most data WE decreased with increase in silt percent. 
Silt content account for about 18% of the variability of WE. At silt 
content equal to zero, WE were equal 238.7 tons/ha. 
Fig. 4.10 shows a highly significant (P<0.001, R = 0.6185) 
quadratic increase in WE with increase in sand content. The increase in 
WE was initially low, followed by successively moderate and high rate of 
increase with increase in sand content. Sand accounted for about 38% of 
the variability of WE. Using the quadratic equation WE is 219 and 74 
tons/ha at sand content equal 82%and20%, respectively. The effect of 
calcium carbonate on WE was not significant at the 5% level. 
. Fig. 4.11 shows highly significant (P<0.001, R =-0.5593) 
logarithmic decrease in WE with increase in C/(Si+S) ratio. This ratio 
accounted for about 31%of the variability of WE  
Fig 4.12 shows a highly significant (P<0.001,R=0.6793) 
quadratic increase in WE with increase in (Si+S)/C ratio .The ratio 
accounted for about 46%. 
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Table 4.6: The Regression trend lines showing the relationships 
between WE and some soil properties and their ratios 
 
Property % Trend line* a b c R R2 
Clay 
Logarithmic -104.7 475.7 _ - 0.5761  0.3319 
Silt Logarithmic -55.24 238.7 _ - 0.4282 0.1834 
Sand Quadratic 0.056 -3.36 119.32 + 0.6185 0.3826 
C/(Si+S) Logarithmic -67.18 64.99 - - 0.5593 0.3128 
 (Si+S)/C Quadratic -8.94 -23.92 102.57 + 0.6793 0.4615 
*Trend lines and significant values as shown on Table 4.5 
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4.9 Multiple regression: 
Multiple regressions were made to correlate NEP and WE with 
four prime soil properties, namely, clay, sand, silt and CaCO3. The 
correlation between NEP and the prime soil properties was highly 
significant (P<0.001, R = 0.6861) and expressed by the following 
empirical relationship: 
NEP% = 106.1 – 0.2 clay – 1.0 silt – 0.98 sand + 2.57 CaCO3 
Clay and silt are expected to increase NEP. However its partial 
effect as shown in the equation is negative this result is similar to that 
obtained by Medani and Mustafa (2003). They stated that, anomalies are 
known in such empirical regression equation. Multiple regressions 
equations  are useful for elucidating the separate effect of the independent 
variables. Furthermore, they are location specific.  
The correlation between the prime soil properties and WE was 
highly significant (P< 0.001, R = 0.6312) as shown in the following 
relationship: 
WE% = -152.6 + 0.9 clay + 3.8 silt + 4.2 sand – 9.3CaCO3 
According to this empirical relationship these soil properties 
account for approximately 47% and 40% of variation of NEP and WE 
respectively. 
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4.10 Wind erodibility groups: 
Table 4.7 shows the data of NEP of the WEG of the studied soil 
samples grouped according to their texture classes and compared with 
those of North Dakota and Alberta. Statistical analysis gave significant 
(P<0.001) correlation between the NEP for White Nile State soil samples 
and those of North Dakota (R=0.5775) and Alberta (R=0.4333). 
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 Table 4.7 Measured wind erodiblity group (WEG) for soil particles  
> 0.84 mm of the White Nile Sate as compared to WEG of 
         North Dakota (WEG1) and Alberta (WEG2) 
 
Soil Texture 
No. of 
Samples 
Average Part. 
> 0.84 mm 
WEG1 Part.  
> 0.84 mm 
WEG2 Part.  
> 0.84 mm 
Clay 
13 54.7 25 60.8 
Clay loam 1 60 45 57.9 
Sandy clay 13 43.8 40 - 
Sandy clay loam 17 43.3 40 56.2 
Sandy Loam 5 29.9 25 43.7 
Loam 1 66.1 45 59.8 
Total 50    
Correlation 
Coefficient 
  0.5775 0.4333 
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CHAPTER FIVE 
GENERAL DISCUSSION AND CONCLUSIONS 
Wind erodibility of a soil is a prime indicator of its erosion thus; 
it is used as one of the main factors for the prediction of wind erosion by 
empirical soil loss equations (e.g., Woodruff and Siddoway 1965). WE is 
estimated from the percentage of soil particles>0.84mm. These particles 
are assumed to be non-erodible particles (NEPs) because they are not 
entrained by common erosive wind (Chepil ,1950). Soils having similar 
percentage of NEP were placed into one class referred to as Wind 
Erodibility Group (WEG) (Chepil 1962; Chepil et al. 1963; Hayes 1965; 
Black and Chanasyk, 1989). These WEGs proved useful for quick 
mapping of wind erosion. 
The data of fifty fields samples gave a significant positive 
correlation between NEP% and clay, silt and calcium carbonate, whereas 
that with organic matter was not significant at the 5% level. Sand content 
yielded a highly significant negative correlation with NEP. Clay, silt, 
calcium carbonate and sand accounted for approximately 35, 18, 11 and 
37%of the variation of NEP, respectively. The clay platelets act as 
cementing agents and promote soil aggregation, and thus increase the 
relative proportion of NEPs (Emerson 1959). 
The positive correlation of silt agrees with the finding of 
Chepil (1953). Although silt particles are know to be inret 
particles, they increased NEP.This is anomalous, and may be 
due to the highly significant correlation (R=0.5833) between 
silt and clay content. The calcium ion of calcium carbonate, in 
spite of its low solubility, promoted flocculation and hence 
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enhanced aggregation. In this study calcium carbonate gave 
lower accountability for NEP than clay because it is a poor 
flocculating agent. As a argued by Medani and Mustafa 
(2003) sand particles are inert quartz and they do not form 
aggregates in absence of cementing agents. They cause a 
dilution effect and thus reduce the relative proportion of 
NEP.The impact of organic matter on the soil aggregation 
may be overshadowed by that of clay because of the low OM 
content of this soils.  
The low accountability of the soil properties for the variability of 
NEP may be attributed to two causes: the counter effects of independent 
variables other than the one under consideration and the variation in land 
preparation.  
The ratios of C/(Si+S),(Si+S)/C and (Si+S)/(C+CaCO3), were 
significantly correlated with NEP and accounted for approximately 32%, 
42% and 41% of the variation of NEP, respectively. 
It is evident that the (Si+S)/C ratio is better indicator of NEP 
since it yielded the highest accountability (42%) of the variation of NEP. 
Calcium carbonate contribution was minimal because of very low 
coefficient of determination. 
Multiple regression analysis gave a highly significant (P<0.001, 
R = 0.6862) correlation between NEP and the percentages of the four 
prime soil properties as shown in the following empirical relationship: 
NEP% =106.1 – 0.2 clay% -1.0silt% - 0.98 sand% + 2.57 CaCO3% 
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The greater the percentage of NEP, the lower is the wind 
erodibility of soils (WE). Therefore, the trend lines for the relationships 
between soil particles and WE were the reverse of those between the soil 
properties and NEP. Accountability as expected was nearly the same. For 
example, clay, silt and sand accounted for about 33,18, and 38% of the 
variation of WE. Whereas, C/(Si+S) and (Si+S)/C ratios accounted of 
about 31 and 46% of the variation of WE. All factors that promote 
aggregation reduce WE, and hence the discussion will be the reverse of 
that presented for NEP. 
 Multiple regression analysis indicated a highly significant (P<0.001, R = o.631) correlation between the percentage of the 
prime soil properties and WE as shown in the following equation: 
WE (tons/ha.) = -152.6 + 0.9clay% + 3.8silt% + 4.2sand% - 9.3CaCO3% 
The comments made for the multiple regression equation for NEP 
apply to this equation. These soil properties account for approximately 
40% of the variation of WE. These two multiple empirical regression 
relationships are useful in predicting the NEP or WE percent. However, 
empirical relationships are always practical, for specific locations under 
similar conditions. 
The soil samples of the studied area grouped according to 
their texture and mean percentage of NEP were quite 
comparable to those of North Dakota and Alberta and thus 
they may be used for quick assessment and mapping of  wind 
erodibility of soils. 
General conclusions: 
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i. Wind erodibility of the White Nile State 
soils is relatively high, particularly in the northern and 
northwestern parts of the State.  
ii. The study showed that clay and sand are 
very good indicators of NEP and WE. However, clay 
ratio proved to be the best indicator of NEP and WE.  
iii. The four primary soil properties, namely, 
clay, silt, sand and calcium carbonate are as good as clay 
ratio as indicator of NEP but not WE. Thus, it is 
recommended to predict NEP from knowledge of the four 
variables and then read the equivalent WE from the 
standard table as recommended by Mustafa and Medani 
(2003). 
 
iv.  The NEP of the textural wind erodibility 
groups gave highly significant correlation with those of 
N.Dakota and Alberta, but showed  lower accountability. 
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